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(54) A method and system for processing image information 



(57) Described herein is a printing system tor ren- 
dering marks on a recording medium receives a multi- 
level grey scale pixel value representing a pixel having 
a first resolution. A processing circuit (401, 402, 403, 
404, 406, 407) generates a screened multi-level grey 
scale pixel value equal to (G L - Vj) + (Sj - Th)*Dmp v *Mo- 
d Eff wherein G L is the maximum grey level value of the 
pixel, Vj is equal to the multi-level grey scale pixel value 
of the first resolution, Sj is equal to a screen value cor- 
responding to a position of the pixel, Th is the threshold 
value, Dmpvj is a video dependent dampening factor, 



and Mod Eff is a modulation multiplication factor, where 
G L = 255 and Th = 128. An interpolator converts the 
screened multi-level grey scale pixel value to a second 
resolution which is higher than the first resolution, and 
a binarization circuit binarizes the converted multi-level 
grey scale pixel value so as to output a binary signal and 
an error value, the error value having a resolution equal 
to the first resolution. The error value is diffused to multi- 
level grey scale pixel values corresponding to pixels ad- 
jacent to the pixel having the first resolution, and the bi- 
nary signal is converted into a mark on the recording 
medium. 
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Description 

The present invention relates to a method and sys- 
tem for processing image formation, and is more partic- 
ularly concerned with the conversion of images from 
multi-level grey scale pixel values to a reduced number 
of levels pixel values. More specifically, the present in- 
vention relates to the conversion of multi-level grey 
scale pixel values to a reduced number of levels pixel 
values using a combined expanded dynamic screening 
and error diffusion technique. 

Image information, be it color or black-and-white, is 
commonly derived by scanning, initially at least, in a 
grey level format containing a large number of levels, e. 
g. 256 levels for black-and-white and more than 16 mil- 
lion (256 3 ) levels for color. This multi-level format is usu- 
ally unprintable by standard printers. 

The term "grey level" is used to described such data 
for both black-and-white and color applications. Stand- 
ard printers print in a limited number of levels, either a 
spot or a no spot in the binary case, or a limited number 
of levels associated with the spot, for example, four in 
the quaternary case. Since grey level image data may 
be represented by very large values, it is necessary to 
reduce grey level image data to a limited number of lev- 
els so that it is printable. Besides grey level image infor- 
mation derived by scanning, certain processing tech- 
niques, such as computer generation, produce grey lev- 
el pixel values which require such a conversion. 

One standard method of converting grey level pixel 
image data to binary level pixel image data is through 
the use of screening, dithering, or halftoning, in such ar- 
rangements, over a given area, each grey level pixel 
within the area is compared to one of a set of distinct 
preselected thresholds. The set of thresholds comprises 
a matrix of threshold values or a halftone cell. 

Figure 30 illustrates a block diagram of a typical 
screening circuit. In this circuit, an unmodified image or 
video signal is fed into a modulation circuit 1 with a 
screen value from a halftone screen matrix to produce 
a modified signal. The modified signal is then threshold- 
ed by a binarization circuit 3 to produce a binary output. 
The binary output represents either the ON or OFF char- 
acteristic of the processed pixel. It is noted that the 
screen could be developed so as to replace the thresh- 
old value such that the threshold value would change 
from pixel to pixel and the system would not require the 
adding of the screen value before thresholding. These 
are equivalent systems. 

The conversion from the pixel video signal V to the 
screen modulated signal V s ' is depicted in Figure 32. 
For a fixed video signal V, the screen modulated video 
signal V s ' has values varying between the levels A and 
B as the screen value S varies between 255 and 0. Thus, 
the effective white and black values to be used in the 
binarization process or calculation should be, in this ex- 
ample, for the value of white, 0 and, for the value of 
black, 255. 



In the described process, the sampled image pic- 
ture elements are compared with a single threshold, and 
a black/white decision is made. However, the threshold 
relationship is modified by modulating the image data 

5 with the screen data. The screen data is selected in se- 
quential order from a two-dimensional matrix defined as 
a halltone cell threshold set. The set of screen values 
and the arrangement therein determine the grey scale 
range, frequency, angle, and other properties of the half- 

10 tone pictorial image. 

The effect of such an arrangement is that, for an 
area where the image is grey, some of the thresholds 
within the matrix will be exceeded, while others are not. 
In the binary case, the portions of the matrix, or cell el- 

15 ements, in which the thresholds are exceeded are print- 
ed as white, while the remaining elements are allowed 
to remain black or vice-versa depending on the orienta- 
tion of the system (write white system or write black sys- 
tem). For example, 255 may represent white in one sys- 

20 tern (write white), but black in another system (write 
black). The effect of the distribution of black-and-white 
over the cell is integrated by the human eye as grey. 

However, typical screening presents problems in 
that the amount of grey within an original image is not 

25 maintained exactly over an area because the finite 
number of elements inside each halftone cell only allows 
the reproduction of a finite number of grey levels. The 
error arising from the difference between the threshold 
value and the actual grey level value at any particular 

30 cell is, conventionally, thrown away. This results in loss 
of image information and creates significant image arti- 
facts, such as banding or false contours that can be 
seen in smooth image areas. In banding, the image in- 
put grey level varies smoothly over an area while the 

35 halftoned image has to make a transition from one half- 
tone dot (grey level) to another. This transition can clear- 
ly be seen as a band or contour running through smooth 
image parts. 

Another problem associated with screening grey 
40 images is the trade-off between the screen frequency 
and the number of grey ieveis avaiiabie. Although it is 
desirable to use a high frequency screen, the number 
of grey levels available decreases as the screen fre- 
quency increases. One method which has been pro- 
45 posed to increase the number of grey levels as the 
screen frequency increases is described in US-A-5 317 
653. 

In this method, the grey image is first reduced to a 
small number of grey levels with error diffusion, and then 
50 a line screen with a small number of grey levels and a 
high frequency is used. Any errors from the screening 
process are discarded. This two step process binarizes 
the image. 

Figure 22 illustrates a conventional error diffusion 
55 technique. In Step S1 of this process, the video signal 
for pixel X is modified to include the accumulated error 
diffused to this pixel from previous threshold processes. 
The modified video signal value X is compared at Step 
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S2 with the value 1 28. assuming a video range between 
0 and 255. If Step S2 determines that the modified video 
signal value X is greater than or equal to 1 28, the proc- 
ess proceeds to Step S4 wherein a value is output to 
indicate the turning ON of pixel X. The process then pro- 
ceeds to calculate the error associated with the thresh- 
old process at Step S6 wherein this error, Y, is calculate 
as being X - 255. 

On the other hand, if Step S2 determines that the 
modified video signal value X is less than 128, a signal 
is output at Step S3 indicating that the pixel X is to be 
turned OFF. The process then proceeds to Step S5 
wherein the error, Y, is calculated as being equal to the 
value X. 

The error calculated in either Steps S5 or S6 is mul- 
tiplied by weighting coefficients and distributed to down- 
stream pixels in Step S7. Thus, the error from the thresh- 
old process is diffused to adjacent pixels. The coeffi- 
cients conventionally used to diffuse the error to adja- 
cent downstream pixels are illustrated in Figure 23. 

In Figure 23, X represents the current pixel being 
thresholded. The weighted errors from this threshold 
process are diffused to adjacent downstream pixels ac- 
cording to preselected coefficients. For example, the 
weighting coefficient for the next pixel in the same scan- 
line conventionally is 7/16. whereas the coefficient for 
the pixel that is one over in the fastscan direction and 
one down in the slowscan direction from the currently 
processed pixel is 1/16. 

In describing the error diffusion process, it is as- 
sumed that the video value is in a range between 0 and 
255. However, any chosen range for the video signal 
can be utilized. As described above, in conventional er- 
ror diffusion methods, the binarization of the pixel or the 
reduction of its grey level is determined by comparing a 
modified input with a threshold. The modified input video 
signal is the input video signal, V, plus an accumulated 
error term, ej, determined from the processing of previ- 
ous pixels. 

However, to implement such a method, a print en- 
gine or system would require a multi-level error diffusion 
process followed by screen thresholding. Moreover, the 
error from the screening process is not diffused, and 
thus, banding and the other described artifacts may still 
form. Also, any screening process must be able to ex- 
ploit the full dynamic range of the image processing sys- 
tem. Therefore, it is desirable to provide screening, but 
without departing from the typical image processing ar- 
chitecture of printing system, which significantly reduc- 
es the image artifacts and exploits the full dynamic 
range. 

In accordance with one aspect of the present inven- 
tion, there is provided a method of reducing a number 
of levels in a multi-level grey scale pixel value represent- 
ing a pixel and diffusing an error generated from reduc- 
ing the number of levels, the method comprising the 
steps of: (a) receiving the multi -level grey scale pixel val- 
ue of a first resolution; (b) screening the multi-level grey 



scale pixel value generating a screened multi-level grey 
scale pixel value equal to (G L - V } ) + (Sj - Th) wherein 
G L is the maximum grey level value of the pixel, Vj is 
equal to the multi-level grey scale pixel value of the first 

s resolution, S { is equal to a screen value corresponding 
to a position of the pixel, and Th is the threshold value; 
(c) reducing the number of levels in the screened multi- 
level grey scale pixel value; (d) generating an error value 
as a result of the reduction process in said step (c); and 

10 (e) diffusing the error value to multi-level grey scale pixel 
values of adjacent pixels. 

In accordance with a second aspect of the present 
invention, there is provided a system for reducing a 
number of levels in a multi-level grey scale pixel value 

is representing a pixel and diffusing an error generated 
from reducing the number of levels in accordance with 
the method as described above, the system comprising: 
input means for receiving the multi-level grey scale pixel 
value; screening means for generating a screened mul- 

20 ti-level grey scale pixel value equal to (G L - Vj) + (S r Th) 
wherein G L is the maximum grey level value of the pixel, 
Vj is equal to the multi-level grey scale pixel value of the 
first resolution, Sj is equal to a screen value correspond- 
ing to a position of the pixel, and Th is the threshold val- 

25 ue; means for reducing the number of levels in the 
screened multi-level grey scale pixel value; error means 
for generating an error value as a result of the reduction- 
by said means; and error diffusing means for diffusing . 
the error value to multi- level grey scale pixel values of 

30 adjacent pixels. 

A third aspect of the present invention is a method r 
of generating an error value. The method screens a mul- 
ti-level grey scale pixel value representing a pixel having 
a first resolution such that the screened pixel value is - 

35 equal to (G L - Vj) + (Sj - Th) wherein G L is the maximum. . 
grey level value of the pixel, Vj is equal to the multi-level., 
grey scale pixel value of the first resolution, Sj is equal 
to a screen value corresponding to a position of the pix- . 
el, and Th is the averaged screen values value, and 

40 thresholds the multi-level grey scale pixel value repre- 
senting the pixel having the first resolution. An error val- 
ue is generated as a result of thresholding the multi-level 
grey scale pixel value. The error value has a second res- 
olution lower than the first resolution. 

45 A fourth aspect of the present invention is a printing 
system for rendering marks on a recording medium. The 
system includes receiving means for receiving a multi- 
level grey scale pixel value representing a pixel having 
a first resolution and screening means for screening the 

50 multi-level grey scale pixel value such that the screened 
pixel value is equal to (G L - Vj) + (Sj - Th) wherein GL is 
the maximum grey level value of the pixel, Vj is equal to 
the multi-level grey scale pixel value of the first resolu- 
tion, Sj is equal to a screen value corresponding to a 

55 position of the pixel, and Th is a threshold value. Inter- 
polation means converts the screened multi-level grey 
scale pixel value to a second resolution, the second res- 
olution being higherthan the first resolution. Binarization 
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means binarizes the converted multi-level grey scale 
pixei value so as to output a binary signai and an error 
value, the error value having a resolution equal to the 
first resolution. Diffusing means diffuses the error value 
to multi-level grey scale pixel values corresponding to 
pixels adjacent to the pixel having the first resolution, 
and rendering means converts the binary signal into a 
mark on the recording medium. 

A fifth aspect of the present invention is a system 
for screening a multi-level grey scale pixel value. The 
system includes receiving means for receiving a multi- 
level grey scale pixel value representing a pixel having 
a first resolution, and screening means for generating a 
screened multi-level grey scale pixel value such that the 
screened pixel value is equal to (G L - Vj) + (Sj - Th) 
wherein G L is the maximum grey level value of the pixel, 
Vj is equal to the multi-level grey scale pixel value of the 
first resolution, Sj is equal to a screen value correspond- 
ing to a position of the pixel, and Th is a threshold value. 
Interpolation means converts the screened multi-level 
grey scale pixel value to a second resolution, the second 
resolution being higher than the first resolution, and bi- 
narization means binarizes the converted multi-level 
grey scale pixel value so as to output a binary signal and 
an error value, the error value having a resolution equal 
to the first resolution. 

For a better understanding of the present invention, 
reference will now be made, by way of example only, to 
the accompanying drawings in which: 

Figure 1 shows a graphical representation of ob- 
taining boundary subpixel values; 
Figure 2 shows a graphical representation of mod- 
ifying the obtained boundary subpixel values with 
an error component; 

Figure 3 shows a graphical representation of inter- 
polating subpixel values between the modified 
boundary subpixel values; 

Figure 4 shows a graphical representation of com- 
paring the interpolated subpixel values with a 
threshold value; 

Figure 5 shows a graphical representation of com- 
puting a desired output value; 
Figure 6 shows a graphical representation of com- 
puting an actual output value; 
Figure 7 shows a graphical representation of com- 
puting an error value to be propagated to down- 
stream pixels; 

Figure 8 shows a graphical representation illustrat- 
ing actual distribution of the error in a typical error 
distribution routine; 

Figure 9 shows a block diagram illustrating one em- 
bodiment of the present invention implementing a 
high addressability error diffusion process; 
Figure 10 shows a graphical representation illus- 
trating a decoding process illustrated in Figure 9; 
Figure 1 1 shows a graphical representation illustrat- 
ing obtaining boundary subpixel values in parallel 
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with the computing a desired output value; 
Figure 12 shows a graphical representation illus- 
trating interpolating of subpixel values between ob- 
tained boundary subpixel values in parallel with 
5 modifying of the desired output value with an error 
component; 

Figure 13 shows a graphical representation illus- 
trating modifying of the subpixei values between ob- 
tained boundary subpixel values with an error com- 
10 ponent; 

Figure 14 shows a graphical representation illus- 
trating the calculation of a plurality of partial possi- 
ble error values; 

Figure 15 shows a graphical representation of fur- 
1$ ther modifying the modified subpixel values of Fig- 
ure 11 with another error component; 
Figure 16 shows a graphical representation illus- 
trating the calculation of a plurality of complete pos- 
sible error values; 
20 Figure 17 shows a graphical representation of 
thresholding the further modified subpixel values; 
Figure 18 shows a graphical representation of the 
determination of number of subpixels exceeding or 
equal to a threshold value in Figure 17; 
25 Figure 19 shows a graphical representation of se- 
lecting one of the plurality of possible complete error 
values; 

Figure 20 is a block diagram illustrating implemen- 
tation of the processes illustrated in Figures 11 to 
30 19; 

Figure 21 is a block diagram illustrating circuitry im- 
plementation of the processes illustrated in Figures 
11 to 19; 

Figure 22 shows a flowchart illustrating a typical er- 
35 ror diffusion method; 

Figure 23 shows a diagram illustrating a typical 
weighting coefficient scheme; 
Figure 24 shows a graph illustrating a subpixel in- 
terpolation; 

40 Figure 25 shows a graph illustrating another sub- 
pixel interpolation method; 

Figure 26 shows a flowchart illustrating an error dif- 
fusion method using the interpolation schemes of 
Figure 24; 

45 Figure 27 shows a flowchart illustrating an error dif- 
fusion method using the interpolation scheme of 
Figure 25; 

Figure 28 and 29 show graphs illustrating the sub- 
pixel relationships for the interpolation schemes of 
50 Figures 24 and 25; 

Figure 30 shows a block diagram illustrating a typ- 
ical screening circuit; 

Figure 31 shows a block diagram illustrating a 
screening/binarization process; 
55 Figure 32 shows a graphic representation of a typ- 
ical screening process; 

Figure 33 shows a graphical representation illus- 
trating interpolation and binarization processes; 
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Figure 34 shows a graphic representation illustrat- 
ing a vertical line screen pattern; 
Figure 35 shows a graphical representation illus- 
trating a diagonal line screen pattern; 
Figure 36 shows a graphical representation of a hy- s 
brid video transformation; 

Figure 37 shows a graphical representation of an 
error diffusion video transformation; 
Figure 38 shows the graphical representation of a 
hybrid video transformation according to the 
present invention, 

Figure 39 shows a graphical representation of a 
preferred dampening profile; 
Figure 40 shows a graphical representation of a ma- 
trix of screen values; 

Figure 41 shows a hybrid video transformation us- 
ing the damping profile of Figure 39, the screen of 
Figure 40 and a modulation multiplier of 0.80; and 
Figure 42 shows a block diagram illustrating a pre- 
ferred embodiment of the present invention. 

Typically, the image processing architecture of a 
printing system uses either the functions of screening, 
thresholding, or error diffusion. For pixels to be thresh- 
olded, a modified video signal, V T \ is computed from the 
pixel video signal V. The modified video signal, vy, is 
defined as V T ' = (T + 255 - V)/2 in a system having 256 
grey levels. In this definition, T is the desired threshold 
level. It is noted that for T and V between 0 and 255, the 
computed V T ' will also be in the range of 0 to 255. 

For pixels to be screened, a similar modified video 
signal, V s \ is computed from the pixel video signal V 
and the screen value S at the -pixel location. The modi- 
fied video signal, V Q \ for a screening process is defined 
as V s ' = (S + 255 - V)/2 in a system having 256 grey 
levels. The screen value S depends on the pixel location 
as well as the halftone screening pattern being used. It 
is noted that either a line screen or a dot screen can be 
used. 

For pixels to be rendered by error diffusion, the 
modified video signal is simply the video signal inverted. 
More specifically, the modified video signal is defined as 
V ED ' = 255 - V in a system having 256 grey levels. 

In the final step of binarization, all the modified video 
signals; V T \ V s \ and V ED '; are compared with 128 to 
determine the ON or OFF characteristics of the pixel. 
Namely, if the modified video signal is greater than or 
equal to 128, the pixel should be OFF (black), otherwise 
it should be ON (white). It is noted that this gives the 
same result as the more typical approach of comparing 
the video V itself with the threshold T or the screen val- 
ues S. In the case of error diffusion, the appropriate error 
propagated from the previous pixels must be added to 
V before comparing with 1 28 and the error to be propa- 
gated to downstream pixels must also be computed af- 
terwards. 

However, as noted above, it is desirable to screen 
the video signal at a higher frequency while maintaining 
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the available number of grey levels. To realize this result, 
it has been proposed to utilize an image processing sys- 
tem which performs a screening process prior to an error 
diffusion process. More specifically, this hybrid error dif- 
fusion process, in a system having 256 grey levels, first 
computes the modified video signal V s ' utilizing the 
screening method disclosed above. This computation 
uses screen values from a small one-dimensional 
screen cell. After computing the modified video signal 
V s \ the screened modulated video signal V is proc- 
essed by an error diffusion process. In the preferred em- 
bodiment of the hybrid error diffusion system, this error 
diffusion process is a high addressability error diffusion 
process. 

Although this hybrid approach provides a good re- 
production of the scanned image, the hybrid approach 
still encounters a few problems. For example, the distri- 
bution error generated for a hybrid process utilizing the 
screening equation described above (screening and er- 
ror diffusion), is not compatible with a straight error dif- 
fusion process because the white reference points and 
black reference points are not the same for both proc- 
esses. 

Figure 36 illustrates a hybrid video transformation 
for an eight-bit grey scale system where the modified 
video signal V is equal to (Sj + 255-Vj)/2, whereas Fig- 
ure 37 illustrates an error diffusion video transformation 
for an eight-bit grey scale system where the modified 
video signal V is equal to 255 - V,. It is noted that these 
illustrations can be expanded to any size multi-bit grey 
scale system by changing the value of 255 to the max- 
imum grey level value for a pixel in the system. 

In these situations, Figure 36 shows that the black 
reference line is equal to 1 92, whereas Figure 37 shows 
that the black reference line is equal to 255. Moreover, 
Figure 36 shows that the white reference line is equal . 
to 64, whereas Figure 37 shows that the white reference 
line is equal toO. Such a disparity between the reference 
levels causes undesirable border artifacts when mixing 
the two image processing modes. These artifacts are 
most likely to occur in segmented images, images proc- 
essed using some form of image segmentation wherein 
one region has been classified for straight error diffusion 
and an adjacent region has been classified for hybrid 
error diffusion processing (screening plus error diffu- 
sion). 

Figure 31 illustrates a circuit which performs a 
screening/error diffusion process on an eight-bit image 
value that reduces the problems associated with the 
straight hybrid process. In Figure 31 , an unmodified vid- 
eo or image signal is screened by modulator 1 to pro- 
duce a modified signal V s ' using the preferred equation 
of V s '= (G L - V } ) + (Sj - Th) wherein Sj is equal to screen 
values derived from a halftone screen pattern, V; is the 
grey input video, G L is a maximum grey level value for 
a pixel in the system, and Th is the threshold value used 
in the binarization process. A typical screening process 
is illustrated in Figure 32. 
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This modified signal V s ' is fed into adder 5 where 
the signal is further modified by the addition of an error 
value propagated from upstream processed pixel loca- 
tions to produce V s ' (V s " = V s ' + e t ). The error compo- 
nent (e FIFO + e FB ) utilized by adder 5 is received from 
error buffer 7 (e FJFO ), which stores the propagated error, 
and binarization circuit 9 (e FB ). 

The further modified signal V s " is fed into binariza- 
tion circuit 9 which converts the multi-level modified sig- 
nal V s " to a binary output by utilizing an error diffusion/ 
threshold process. Some of the error (e FB ) from this 
process is fed back directly to the next to be processed 
pixel, while the rest (e FlFO ) is stored in the error buffer 
7 for processing of pixels in the next scanline. The ap- 
portionment of the error is based on weighting coeffi- 
cients. Any set of coefficients can be used. In the pre- 
ferred embodiment of the present invention, the weight- 
ing coefficients are the coefficients described in US-A- 
5 353 127. 

In this binarization process, the error that is pro- 
duced represents the difference between the desired 
output, the multi-level image data value, and the actual 
output value which is either 255 or 0 it the multi-level of 
the image data is represented by eight bits. This error 
is diffused, thereby retaining as much grey level infor- 
mation as possible. 

By using the circuit of Figure 31 , the present inven- 
tion can realize a hybrid video transformation which fully 
utilizes the entire eight-bit grey scale system. This hy- 
brid video transformation realizes a black reference line 
value of 255 and a white reference line value of 0, there- 
by expanding the dynamic range of the hybrid image 
processing system. 

As noted above, in the preferred embodiment, the 
error diffusion process is a high addressability error dif- 
fusion process; therefore, the screening/high address- 
ability error diffusion process will be explained in more 
detail below. Initially, the high addressability error diffu- 
sion process will be briefly described. 

To extend the conventional error diffusion process, 
described above, to a high addressability environment, 
the binarization (threshold) is performed at a higher spa- 
tial resolution, but the error computation and propaga- 
tion is performed at the original lower spatial resolution. 
This splitting of the process substantially prevents or re- 
duces the number of isolated subpixels, thereby main- 
taining high image quality. This high resolution/low res- 
olution method of the present invention will be explained 
in more detail below. 

In explaining the high addressability error diffusion 
process, it is assumed that the input grey levels at pixel 
location i and pixel location i+1 are represented by Vj 
and V i+1 respectively, wherein Vj' = (G L - Vj) + (Sj - Th), 
and V j+1 '= (G L - V j+1 ) + {S^ - Th). The rendering error, 
at the lower resolution, that passes from upstream pixels 
to the downstream pixel location is denoted by 8j. 

It is noted that a feature of high addressability in- 
volves interpolation between pixels, the creation of sub- 



pixels. This interpolation impacts the high addressability 
error diffusion process. More specifically, depending on 
the way the interpolation is done, two distinct outputs 
can be obtained utilizing the high addressability error 

5 diffusion process of the present invention. Each one of 
these distinct outputs will be discussed below. 

With respect to a first interpolation scheme, the 
steps for determining the printing or rendering of a sub- 
pixel are as follows. 

10 Initially, the modified pixel values P0j = Vj + ej and 
P1 j= V k . 1 + 6j are computed wherein Vj' = (G L - Vj) + (Sj 
- Th), and V i+1 '= (G L - V i+1 ) + (S j+1 - Th). The subpixels 
are denoted by 0 to N - 1 wherein the high addressability 
characteristic is N. The high addressability characteris- 
es tics is the number of subpixels that a printer can produce 
compared to the throughput bandwidth of the image 
processing system. In other words, the high addressa- 
bility characteristic defined as the number of subpixels 
that the image output terminal can render from one pixel 

20 of image data. 

High addressability is important in situations where 
the device can process the image data at one resolution, 
but print at a higher resolution. In such a situation, the 
present invention can take advantage of a processing 

25 system designed for a lower resolution image (lower 
resolution can be processed quicker and less expen- 
sively), and a printing device which, through laser pulse 
manipulation, can print at a higher resolution. For exam- 
ple, the image can be processed at 600 x 600 x 8 and 

30 printed at 2400 x 600 x 1 using the high addressability 
process of the present invention. In the above example, 
the high addressability characteristic is 4. If the image 
was processed at 600 x 600 x 8 and printed at 1200 x 
600 x 1 , the high addressability characteristic would be 

35 2. 

The interpolated subpixel values are computed as 
B n = P0 + n(P1 - P0)/N for n = 0 to N - 1 The interpolated 
subpixel values are then compared with a threshold val- 
ue which in most cases is 128, assuming that the video 

40 value ranges from 0 to 255 (G L is equal to 255). If B n is 
greater than or equal to 1 28, the subpixel is turned ON; 
otherwise, the subpixel is turned OFF. The error to be 
propagated to downstream pixels is computed as the 
desired output, (P0 + P1)/2, minus the actual output, 

45 namely, y*255/N, wherein y is the number of subpixels 
turned ON. The error is then multiplied by a set of 
weighting coefficients and distributed to the down- 
stream pixels as in the first version. 

More specifically, the screened inputted modified 

so video signal is divided into N subpixel units. The P0 and 
P1 values are computed as noted above. The computed 
subpixel values are compared with a threshold value, 
namely 128. If the subpixel value is greaterthan or equal 
to the threshold value, the subpixel value is set to the 

55 ON state. However, if the subpixel value is less than 128, 
the subpixel value is set to the OFF state. 

Upon completing the comparison of all subpixel val- 
ues, the number of ON subpixels are calculated. More- 
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over, the error from the threshold process is calculated 
so that the value represents the original lower spatial 
resolution. Upon calculating the error, the error is multi- 
plied by weighting coefficients and distributed the error 
to downstream pixels. s 

As noted above, the modified pixel values POj = V M 
+ ej.-, = P1 M and P1 p V } + ej are computed at two loca- 
tions corresponding to the input resolution wherein V { = 
(G L - Vj) + (Sj - Th) and V M = <G L - V M ) + (S M - Th). An 
example of this is illustrated in Figure 24 wherein the 10 
subpixels are denoted by 0 to N -1. In Figure 24, the 
high addressability characteristic, N, is equal to 4 

As illustrated in Figure 24, a line is drawn to connect 
the values P0 and P1. (The i subscripts have been 
dropped for simplicity.) Moreover, a dotted line is drawn is 
to represent a threshold value of 1 28. (Again, it is noted 
that 0 to 255 is the range of the video signal; however, 
any range can be utilized and any threshold value may 
be used.) The intersection of the line connecting P0 and 
P1 and the line representing the threshold at 1 28 deter- 20 
mines which subpixels are to be rendered or printed. 
The X coordinate of the point of intersection is deter- 
mined and normalized to N by the equation X = N(128 
- P0)/(P1 - PO). 

Next, it is determined which subpixels are to be 25 
turned ON. If X is less than or equal to 0 and if P1 is 
greater than or equal to 1 28, all the subpixels are ON; 
otherwise, all the subpixels are OFF. This decision rep- 
resents the complete rendering or non-rendering of the 
pixel. To determine a partial rendering of the whole pixel, 30 
a subpixel analysis must be performed. In this instance, 
the value X must be compared to the individual subpixel 
values. 

It is noted, as illustrated in Figure 24, that the value 
of X does not necessarily compute to a whoie number 35 
or subpixei, thereby making any analysis include a frac- 
tional component. To avoid this, X is converted to a 
whole number or subpixel value. For this conversion, n 
is allowed to be equal to the truncated integer value of 
X. The values n and X can then be utilized to determine 40 
which subpixels are to be turned ON and which subpix- 
els are to be turned OFF. More specifically if X is greater 
than 0, but less than n, and if P1 is less than 128, only 
the subpixels from 0 to n are turned ON and the rest of 
the subpixels are turned OFF; otherwise, the subpixels 
from 0 to n are turned OFF and the rest are turned ON. 
If X is greater than or equal to n and if PO is greater than 
or equal to 128, all subpixels are turned ON; otherwise, 
all subpixels are turned OFF. 

This threshold process produces an error which so 
needs to be propagated to downstream pixels. Moreo- 
ver, as noted above, the error needs to be at the original 
low resolution input. The conversion to the original res- 
olution is realized by determining the difference be- 
tween the desired output, (PO + P1 )/2, and the actual ss 
output, namely b*255/N where b is the number of sub- 
pixels that were turned ON. The converted error is then 
multiplied by a set of weighting coefficients and distrib- 



uted to the downstream pixels. 

Figure 26 illustrates the actual method utilized to 
carry out the interpolation and error distribution process 
described above. In Figure 26, at Step S10, the modified 
screened video input signal is divided into N subpixel 
values. At Step S20, the values POj and P1 jare calculat- 
ed as described above. Next, at Step S30 : the X-coor- 
dinate of the point of intersection is determined and nor- 
malized by multiplying the difference between 128 and 
PO by the value N and dividing this product by the dif- 
ference of P1 and PO. At Step S40, the normalized value 
X is compared with the value 0. If X is less than or equal 
to 0, Step S50 compares the value P1 with the value 
1 28. If the value P1 is greater than or equal to 1 28, all 
the subpixels are set to an ON state at Step S60. How- 
ever, if P1 is less than 128, Step S70 sets all the sub- 
pixels to an OFF state. 

On the other hand, if Step S40 determines that X is 
not less than or equal to 0. Step S90 determines the 
integer value of X and sets this integer value equal to Y 
At Step S1 00, the integer value Y is compared with the 
values 0 and N. If the value Y lies between 0 and N, Step 
S110 determines whether the value P1 is greater than 
or equal to 128. If the value P1 is less than or equal to 
1 28. Step S1 30 sets the subpixels 0 to Y to the ON state 
and the subpixels Y + 1 to N to the OFF state. However, 
if Step S1 10 determines that the value P1 is greater than , 
128, Step S120 sets the subpixels 0 to Y to the OFF 
state and the subpixels Y + 1 to N to the ON state. 

If Step S100 determines that the value Y is not be-- 
tween the values 0 and N. Step S 140 determines wheth- 
er the value P1 is greater than or equal to 128. If the 
value P1 is greater than or equal to 128, Step S1 60 sets 
all subpixels to the ON state. However, if Step S140 de-. 
termines that the value P1 is less than 128, Step S150 - 
sets all the subpixels to the OFF state. 

Upon completing the processes at either Steps 
S60, S70, S120, S130, S150, or S160, the error diffu- 
sion method of the present invention proceeds to Step 
S1 70. At Step S1 70, the number of ON subpixels is cal- 
culated and set equal to Z. Next, at Step S180, the error 
to be propagated to the downstream pixels is calculated. 
Namely, the error is calculated to represent the original 
low spatial resolution. Upon calculating the error in Step 
S180, Step S190 multiplies the error by weighting coef- 
ficients and distributes the weighted error terms to 
downstream pixels. 

The second interpolation method with respect to im- 
plementing the high addressability error diffusion meth- 
od of the present invention will be describe as follows. 

In the second interpolation method, the modified 
pixel values POj = Vj + ej and P1 } = V j+1 + ej are computed 
wherein Vj = (G L - Vj) + (Sj - Th) and V i+1 = (G L - V^) + 
(S kl - Th). Figure 26 illustrates the values P0 and P1 
for the second version of the high addressability error 
diffusion method of the present invention. 

Figure 27 illustrates the process utilized in the sec- 
ond interpolation version of the high addressability error 
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diffusion method of the present invention. As in Figure 
26, the input modified video signal is divided into N sub- 
pixel units at Step S10. At Step S200, the P0 and P1 
values are computed as noted above. At Step S21 0, the 
values Y and Z are set equal 0, wherein Y denotes the 
number of subpixels which are to be turned ON and 2 
denotes the addressability factor. At Step S220, Z is 
compared with N to determined whether all the subpix- 
els within the modified video signal have been thresh- 
olded. If it is determined that subpixels remain to be 
thresholded, the process moves to Step S230 wherein 
the next subpixel value is computed. Step S240 then 
compares the computed subpixel value with the thresh- 
old value, namely 128. If the subpixel value is greater 
than or equal to the threshold value, Step S260 sets the 
subpixel value to the ON state, and Step S270 incre- 
ments the value Y indicating the number of subpixels 
that are set ON. However, if the subpixel value is less 
than 128, Step S250 sets the subpixel value to OFF. 

Upon the completion of either Step S250 or Step 
270, the process proceeds to Step S280 wherein the 
high addressability value Z is incremented. This subrou- 
tine is repeated until all subpixel values within the mod- 
ified video signal are compared with the threshold value. 
Upon completing the comparison of all subpixel values, 
the process advances to Step S290 wherein the number 
of ON subpixels are calculated. At Step S300, the error 
from the threshold process is calculated so that the val- 
ue represents the original lower spatial resolution. Upon 
calculating the error, Step S310 multiplies the error by 
weighting coefficients and distributes the error to down- 
stream pixels. 

Figure 28 illustrates the high addressability relation- 
ship between adjacent pixels utilizing the first interpola- 
tion version of high addressability error diffusion meth- 
od. More specifically, it is noted that the P1 value of the 
present pixel is utilized as the P0 value for the next pixel. 

On the other hand, Figure 29 illustrates the high ad- 
dressability relationship between pixels utilizing the sec- 
ond interpolation version of the high addressability error 
diffusion method. In this case, there is discontinuity be- 
tween the P1 value of the previous pixel and the P0 val- 
ue of the present pixel. Thus, from these two Figures, it 
can be seen that the error output from the two versions 
of the high addressability error diffusion methods will be 
different. 

The high addressability error diffusion process used 
in conjunction with the screening process will be further 
explained in conjunction with Figure 33. In this explana- 
tion, the value e t represents the rendering error propa- 
gated to the present ith pixei from the previous pixeis. 
At the ith pixel location, the subpixel values are given 
by P0 = V 8 ', + e, = V 8 ",andP1 = V 9 ' i+1 + e j = V s " j+1 wherein 
V s 'j = (Q L - Vj) + (Si - Th) and V s ' kl = (G L - V M ) + (S M 
- Th). The values are used to obtain the interpolated val- 
ues B 0 to B Nm ,, as shown in Figure 33. It is noted that 
the high addressability factor illustrated in Figure 33 is 
N = 4. 



These interpolated values are then compared with 
128 to determine the ON or OFF characteristics of the 
subpixels. If the number of subpixels rendered as black 
is indicated by n, the current rendering error is given by 
5 the desired output minus the actual output, e'j = ((P0 + 
P1)/2) - (n(255)/N). In other words, the actual output is 
defined as the desired output, (P0 + P1)/2), minus the 
product of the number of ON subpixels and the differ- 
ence between the black-and-white reference values di- 
10 vided by the high addressability characteristic. This new 
error is then multiplied by a set of weighting coefficients 
and the weighted errors are propagated to the down- 
stream pixels 

To determine the ON or OFF characteristics, the 
15 subpixel values are processed by a number of compar- 
ison steps. An example of the actual architecture of the 
circuitry used to implement the high addressability error 
diffusion process will be discussed below. 

Figures 1 to 7 illustrate the computational steps re- 
20 quired to perform high addressability error diffusion us- 
ing a particular interpolation scheme. Initially, as illus- 
trated in Figure 1, the pixel value Vj and are ob- 
tained wherein V| = (G L - Vj) + (Sj - Th) and V M = (G L - 
V M ) + (Sj^ - Th). The actual pixel values are graphically 
25 illustrated in Figure 1 , wherein the pixel value Vj repre- 
sents the pixel value at the subpixel position 0 and the 
pixel value V j+1 represents the pixel value at the N-1 
subpixel. In Figure 1, the pixel values range from 0 to 
255 utilizing a conventional eight-bit data word to repre- 
30 sent the multi-level grey value of the image data to be 
process. It is noted that any range can be utilized to rep- 
resent the grey level value of the image data; for exam- 
ple, 0 to 511, 0 to 127, etc. 

After obtaining the initial pixel values of Vj and V j+1 , 
35 a diffused error component e { (the accumulated error 
from previous pixel binarization processes) is added to 
the pixel values Vj and V k1 . It is noted that the error com- 
ponent ej consists of two components, e RFO and e FB , 
where e FIFO is the summed error component stored in 
40 a line buffer and e FB is the feedback error component. 
The adding of the error component e { is illustrated graph- 
ically in Figure 2. 

After adding the diffused error component, the in- 
terpolated subpixel values are computed, as illustrated 
45 in Figure 3. For example, the interpolated subpixel val- 
ues are B n = P0j + n(P1 j- P0j)/N for n = 0 to N - 1 , where 
N is the selected high addressability characteristic. It is 
noted that the value P0j is equal to V, + e { and P1j is 
equal to V l+1 + ej. 
50 After computing the interpolated subpixel values, 
each interpolated subpixel value is compared to a 
threshold level. In the example illustrated in Figure 4, 
the threshold value is 128. It is noted that this threshold 
value can be any value within the range of the image 
55 data depending upon the desired results. In this exam- 
ple, each subpixel which has a value greater than or 
equal to 128 is set ON. 

Next, the desired output (P0j + P1j)/2 is computed. 
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This computing of the desired output is graphically illus- 
trated in Figure 5. After computing the desired output, 
the actual output is computed. In this example, the ac- 
tual output is equal to n*255/N where n is the number 
of subpixels that have been turned ON as the result of s 
the comparison illustrated in Figure 10. A graphical rep- 
resentation of the computed actual output is shown in 
Figure 6. Once the desired output and the actual output 
have been computed, the error diffusion method com- 
putes the error to be propagated downstream. This error 10 
is computed as the desired output minus the actual out- 
put. A graphical representation of this computation is 
shown in Figure 7. 

As illustrated in Figure 7, the error is calculated to 
be e i+1 = (POj + P1j)/2 - (n*255/N). In this instance, the 15 
error e i+1 represents the error from the present binari- 
zation process. As in all conventional error diffusion 
processes, the error from the binarization process is dis- 
tributed to downstream pixels. The distributing of the er- 
ror e^, to downstream pixels is illustrated in Figure 8. 20 
In this example, the distribution of error utilizes a set of 
error diffusion coefficients which allow fast processing 
by simple bit shifting. Figure 8 illustrates the coefficients 
associated with each pixel location. 

In Figure 9, the screened input video signal is split 2s 
and latched in latch 101 so as to produce the screened 
pixel values VOj and V1j. VOj represents the latched 
screened input video signal V1 - x as noted above, and V0| 
represents the screened pixel value just proceeding the 
screened pixel value V1j in the same scanline. The 30 
screened pixel value VOj is fed into an adder 103 with 
the error component e { . Moreover, the error component 
e } is fed into an adder 1 05 along with the.screened input 
video signal V1 j . The adder 1 03 produces an output sig- 
nal P0| which is fed into a 2*s compliment circuit 1 07 to 35 
produce negative POj. Negative POj is fed into an adder 
109 along with the value P1 } to produce the value of P1 j 
- POj. Negative POj is also fed into adder 111 which is 
summed with the threshold value. In this example, the 
threshold value is 128. 40 

The sum from adder 1 1 1 is fed into multiplier 1 1 5 so 
that the value (128 - POj) can be multiplied by the high 
addressability characteristic value N. The resulting 
product is then divided by the sum from adder 109 by a 
divider circuit 117. The resulting quotient is fed into a 45 
decoder 119. The actual function of decoder 119 is 
graphically illustrated in Figure 10. 

More specifically, the decoder 119, as illustrated in 
Figure 10, determines the intersection of the PO/Plj line 
and the value 128. From the determination of this inter- so 
section, the decoder 119 determines the number of sub- 
pixels n which are turned ON. The results from decoder 
119 are fed as binarized output to a print engine and 
also to a multiplier 121 . Multiplier 1 21 multiplies the out- 
put from decoder 1 1 9 with the value (-255/N). The prod- 55 
uct of multiplier 1 21 is added to a sum generated by an 
adder 113 in adder 123. Adder 113 adds the values P0, 
and P1 jto produce the value P1 } + POj. 



The results of adder 123 represents the error com- 
ponent which is fed into a simple bit shifting circuit 
125 to produce various error values that will be utilized 
in the distribution process. The error values generated 
by the bit shifting circuit 125 are fed into an error distri- 
bution circuit 127, wherein half the error Err B is distrib- 
uted to the next pixel in the same scanline and the other 
half of the error Err A is distributed to various pixeis in 
the next scaniine according to the weighting coefficients 
established in the error distribution circuit 1 27. 

Figure 11 illustrates two parallel computations 
which are carried out in the present invention. More spe- 
cifically, Figure 11 illustrates that the screened pixel val- 
ues Vj and V j+1 are obtained in parallel to the beginning 
of the computation of the desired output for a single sub- 
pixel wherein the desired output is computed without in- 
cluding the diffused error components e RFO or e FB . 

After these parallel computations are completed, 
the preferred embodiment of the present invention com- 
putes interpolated subpixel values in the same way as 
illustrated in Figure 3. However, in parallel with this com- 
putation of the interpolated subpixel values, the desired 
output is continued to be computed by adding the error 
component e FIF0 . This is graphically represented in Fig- 
ure 12. 

Next, the error component e RFO is added to the 
screened pixel values Vj, and V j+1 and the interpolated . 
subpixels as illustrated in Figure 13. At the same time 
(in parallel thereto), all possible actual subpixel outputs 
are subtracted from the desired output without including 
the diffused error component e FB . In other words, N pos- 
sible actual subpixel outputs are subtracted from the de- 
sired output computed in Figure 12 to produce N possi- 
ble error outputs e P (the desired output minus the actual 
output is equal to the error e P ). The computations illus- 
trated in Figure 13 are carried out in parallel with the 
computations illustrated in Figure 14. 

The error component e FB is added to the screened, 
pixel values Vj, V i+1 , and the various interpolated sub- 
pixel values as illustrated in Figure 1 5. At the same time 
that the feedback error component e FB is being added 
in Figure 15, the error component e FB is added to all 
possible subpixel desired outputs as illustrated in Figure 
16. In other words, the error component e FB is individu- 
ally added to all N error results (e P ) stemming from the 
calculations illustrated by Figure 14. 

After completing these parallel computations, the 
next step includes the computations illustrated in Fig- 
ures 17, 18, and 19. In this next step, each interpolated 
subpixel value is compared to a threshold value of 1 28, 
and the subpixels having a value greater than or equal 
to the threshold value are turned ON. This process is 
graphically illustrated in Figure 17 and 18 wherein Fig- 
ure 17 shows the comparison of the interpolated sub- 
pixel values with the threshold values, and Figure 18 
shows the turning ON of the subpixels which have a val- 
ue greater than or equal to the threshold value. 

Since all the possible error values were made si- 
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multaneously available as a result of the computations 
illustrated in Figure 1 6, the error to be propagated down- 
stream can now be immediately selected; i.e. via a mul- 
tiplexer, based upon the number of subpixels which are 
turned ON. In other words, Figure 19 illustrates the prop- 
erly selected error value from the various simultaneous- 
ly available error values produced by the computations 
illustrated in Figure 16. The selected error value is then 
distributed to downstream pixels utilizing any conven- 
tional error diffusion technique. In the preferred embod- 
iment of the present invention, the error is distributed to 
downstream pixels utilizing the error diffusion coeffi- 
cients discussed above. 

Figure 20 illustrates a functional block diagram of 
the parallel pipeline high addressability error diffusion 
circuit of the preferred embodiment of the present inven- 
tion. In Figure 20, the input screened video signai is fed 
into an error calculation circuit 1 and a video modifica- 
tion circuit 3. The error components e RFO (Err B ) and e FB 
(Err A ) are also fed into the error calculation circuit 1 . The 
error calculation circuit calculates all the various possi- 
ble error values that can result from the presently occur- 
ring binarization process. The selection of the proper er- 
ror to be output by the error calculation circuit 1 is based 
upon the received error selection signal which will be 
discussed in more detail below. 

The selected error value from the error calculation 
circuit 1 is fed into a coefficient matrix circuit 5 which 
distributes the error based upon a set of weighting co- 
efficients. The coefficient matrix circuit 5 splits the error 
values into the two components e FIFO (Err B ) and e FB (Er- 
r A ). As noted before, the feedback error, Err A , is fed back 
to the video modification circuit 3 and the error calcula- 
tion circuit 1 from the coefficient matrix circuit 5. The vid- 
eo modification circuit 3 also receives the Err B from buff- 
er 9. 

The video modification circuit 3 produces the inter- 
polated subpixel values for the high addressability error 
diffusion method wherein the interpolated subpixel val- 
ues are fed into the binarization circuit 7 along with a 
threshold value. In the preferred embodiment of the 
present invention, the threshold value is 128. However, 
it is noted that this threshold value can be any value. 

The binarization circuit 7 binarizes the inputted vid- 
eo data so as to output binarized image data for the uti- 
lization by an image rendering device. The binarization 
circuit 7 also produces the error selection signal which 
is utilized by the error calculation circuit 1 to choose the 
correct error value to be fed to the coefficient matrix cir- 
cuit 5. This error selection signal represents the number 
of interpolated subpixels which are turned ON during the 
binarization process. Thus, the error calculation circuit 
1 may include a multiplexer to make this selection. 

As illustrated in Figure 20, the error calculation cir- 
cuit 1 is in parallel with the video modification circuit 3 
and the binarization circuit 7. Moreover, the high ad- 
dressability error diffusion architecture of the present in- 
vention is implemented on an ASIC, thereby enabling 



hardware implementation so that the image data can be 
binarized within the time constraints and throughput 
specifications of a high speed image rendering device. 
Figure 21 illustrates a detailed block diagram of the 

s circuit of the preferred embodiment of the present inven- 
tion. As illustrated in Figure 21, many of the computa- 
tions, as previously described with respect to Figures 11 
to 19, are carried out in parallel. 

Screened pixel values Vj and V j+1 are obtained by 

io the utilization of a latch 205 which latches the screened 
video signal so that two adjacent fastscan pixels are 
available for processing. The screened pixel values Vj 
and V j+1 are summed in adder 206 and the sum is di- 
vided in half by divider 207. The result from divider 207 

15 is fed into adder 208 with the error term e RFO , The sum 
represents the desired output to the printer. 

In parallel to the above described process, an actual 
output generation circuit 200 produces all possible out- 
puts to the printer based on the high addressability char- 

20 acteristic. It is noted that these values are negative since 
an adder is used for subtraction operations. If the high 
addressability characteristic is N, N possible actual out- 
puts will be generated. Also in parallel to the above de- 
scribed process, a subpixei circuit 209 generates all the 

25 interpolated subpixeis based on the screened pixel val- 
ues Vj and V k1 . 

Next, the error component e RFO is added to each 
of the interpolated subpixels by adder 210. At the same 
time (in parallel thereto), each possible actual outputs 

30 (negative values) is individually added to the desired 
output by adder 201 . In other words, N possible actual 
subpixel outputs are subtracted from the desired output 
to produce N possible error outputs. 

In adders 211 and 202, a feedback error term e FB 

3S is added to each summation from adders 210 and 201 
respectively. These computations are carried out in par- 
allel. After completing these parallel computations, each 
interpolated subpixel from adder 211 is compared to a 
threshold value in threshold circuit 212. The subpixels 

40 having a value greater than or equal to the threshold 
value are turned ON. Threshold circuit 212 outputs a 
number representing the number of sub pixels turned 
ON. This information is fed into a decode logic circuit 
213 which produces a binary therefrom to be sent to a 

4S printer (not shown). 

Moreover, the error terms from adder 202 are fed 
into a multiplexer 203 which chooses which error term 
to propagate to down stream pixels. The error term is 
selected based on a control signal received from the de- 

so code logic circuit 21 3. The selected error term is fed into 
a distribution circuit 204 which produces the next feed- 
back error (e FB ) and the error (e F)FO ) to be stored in a 
buffer for utilization in the processing of the next scan- 
line. 

55 The combined screening and high addressability 
error diffusion rendering of the present invention can be 
utilized using a simple vertical line screen pattern as il- 
lustrated in Figure 34. Moreover, the present invention 
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can be utilized with a 45° line screen as illustrated in 
Figure 35. The present invention can also be utilized 
with a dot screen or a constant screen. In the preferred 
embodiment of the present invention, a dot screen is uti- 
lized in a continuous tone region and a constant screen s 
will be used in a text region to emulate a simple error 
diffusion process. This creates smoother transitions 
from window-to-window or from effect-to-effect since 
the error stored in the buffer will be within the same 
range for both continuous tone and text regions. 10 

In the examples described above, it was assumed 
that the images were processed with full modulation. 
One problem encountered when rendering images us- 
ing full modulation under hybrid processing is border ar- 
tifacts. A border artifact is observed in areas where a 15 
sudden input-grey video transition occurs, such as in 
black to white or white to black text or line boundary re- 
gions. Another distracting caused by using full modula- 
tion is called background subpixel phenomena Back- 
ground subpixel phenomena is observed in areas where 20 
the background region is sprinkled with subpixels. 
These artifacts usually occur when images are gener- 
ated using 100% hybrid modulation. 

To better explain these artifacts, an image having a 
white background and a solid black box in its center will 25 
be utilized as an example. If such an image was gener- 
ated utilizing 1 00% hybrid modulation, the white back- 
ground would be sprinkled randomly placed black sub- 
pixels. This random scattering of biack subpixeis in the 
white background is due to the background subpixei 30 
phenomena. Moreover, the edge of the white region 
would have a uniform pattern of black subpixels which 
would be caused from the white to black or black to white 
transition. This uniform pattern of black subpixels would 
cause a border artifact. Lastly, with respect to the solid 35 
black box region within the white background region, the 
black box image would be randomly sprinkled with white 
subpixels as a result of the background subpixel phe- 
nomena. Moreover, as in the white region, the edge of 
the black box would contain a uniform pattern of white 40 
subpixel forming a border artifact. Thus, the presence 
of these artifacts reduces the overall quality of the im- 
age. 

One way to eliminate these artifacts would be to re- 
duce the screen amplitude to a modulation less than 45 
100%. However, it is desirable to have a screen modu- 
lation at 100% (when rendering pixels labeled as con- 
tone, for example) because the full hybrid dynamic 
range is used, and thus, a more accurate error is gen- 
erated and propagated to downstream pixels. Moreover, so 
the benefits of 100% screen modulation with respect to 
image quality are known and that 100% screen modu- 
lation produces smoother regions, especially in the 
highlight areas. 

The reason for the background and border artifacts 55 
under full modulation (100% modulation) can best be 
explained quantitatively. It is noted that under full mod- 
ulation (100% modulation), the transform hybrid video 



can come close to or equal to 1 28 in the white and black 
regions of a document. Under error diffusion process- 
ing, the threshold level is also equal to 1 28 when utilizing 
an eight -bit grey scale image processing system. 
Hence, when any amount of error is added to this video, 
the resulting pixel value will cross this threshold (128) 
and produce a subpixel. 

To more clearly explain this phenomena, a hypo- 
thetical example will be discussed. In this example, the 
video value for pixel N will equal 165 ((255 - 0) + (38 - 
128) + 0), [(GL - VI) + (Si - Th) + Error], and pixel N + 1 
will have a video value without the error component of 
1 28 ((255 - 0) + (1 - 128)), [(GL - Vi) + (Si - Th)]. However, 
by adding a total diffused error component (Error) of -4 
to the video value, pixel N + 1 drops below the threshold 
value of 128 thereby creating a white subpixel. In this 
scenario, the input grey video of both pixel N and pixel 
N + 1 are 0 (black) thus, it would be expected that if the 
input grey video is representing a solid black region, no 
white subpixels would be created. 

However, the diffused error received from process- 
ing previous adjacent pixels may occasionally force a 
video value below the threshold level, thus generating 
a white subpixel. This generation of a white subpixel 
may either cause a border artifact or a background sub- 
pixel artifact. Moreover, the affect described above with 
respect to the generation of a white subpixel when black 
grey video is received is screen dependent and can be- 
come more severe for larger element screens. 

To significantly reduce or eliminate the border and 
background subpixel artifacts, the present invention - 
combines the benefits of zero modulation with 100% 
modulation by utilizing the hybrid transformation repre- 
sented by the equation V= (255 - V { ) + (Sj - 1 28)*Dmp vi . 
In this hybrid transformation, Vj is the grey input video, 
Sj is the screen value, Dmp vl is the dampening factor, , 
and V is the hybrid video signal resulting from the trans- 
formation. By including the dampening factor Dmpvj, the ? 
amount of modulation can be controlled based upon the 
value of the input video V } . In other words, the present 
invention dampens the modulation near the white and 
black regions by applying full modulation in the midtone 
regions. An example of this transformation is illustrated 
in Figure 41 . 

As illustrated in Figure 41 , the modulation is damp- 
ened between the video values 0 and 1 5 and 240 and 
255 (see dampening profile illustrated in Figure 39). It 
is noted that Figure 41 illustrates an image processing 
transformation for eight-bit grey scale image data; how- 
ever, the concepts of this hybrid transformation is readily 
equable to any magnitude of grey scale level that image 
data may be processed at. Moreover, Figure 41 illus- 
trates that full modulation (100% modulation) is applied 
to a video signal which has values between 1 5 and 240. 
By utilizing such a dampening hybrid transformation, the 
border and background subpixel artilacts are substan- 
tially eliminated. 

The following is an example of implementing the hy- 
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brid dampening transformation illustrated in Figure 41. 
More specifically, the video signal is fed into a flip flop 
whose output is fed into a lookup table which generates 
the dampening factor Dmo^ based on the value of the 
input video signal. This dampening factor is fed into an- 
other flip flop whose output is fed into a multiplier. In par- 
allel to this process, a screen value associated with the 
position of the pixel represented by the video is fed into 
a third flip flop. The output of this flip flop is converted 
to a value of the screen value minus 128 through the 
utilization of an inverter. This new value is then fed into 
a fourth flip flop prior to being fed to the multiplier. 

The product from multiplier is fed into a bit shift reg- 
ister so as to produce a value equal to (Sj - 1 28)*Dmp vj . 
The dampened screen value is then fed into a fifth flip 
flop prior to being fed to an adder At the adder, the damp- 
ened screen value is added to a value equal to 255 - V,, 
the video value, so as to produce a hybrid transformed 
video value of (255 - Vj) + (S, - 128) * Dmp vj . 

In a preferred embodiment of the present invention, 
the dampening values are programmable wherein the 
input video is simply used to address a random access 
memory lookup table wherein the values stored within 
the lookup table range from 0.0 to 1.0. However, it is 
further noted, that to conserve memory space, a smaller 
random access memory lookup table can be utilized 
wherein this lookup table is programmed only for input 
grey levels from 0 through 1 5 and 240 through 255. The 
dampening value for input grey levels of 1 6 through 239 
would remain at 1 .0 (no dampening). 

Moreover, in the preferred embodiment of the 
present invention, the dampening values between 0 and 
1 5 and 240 and 255 represent a linear function from 0% 
to 100%. In other words, each increment in video value 
corresponds to an increment of 6.25% in modulation. In 
the range from 0 to 15 and a decrease of 6.25% in the 
range of 240 to 255. 

Another problem associated with hybrid image 
processing is the rendering of images at the transition 
between two distinct segmented regions. Conventional- 
ly, to address the probiems at these transitional regions, 
one would switch in a multitude of screens as the ren- 
dering process transitions from one distinct segmented 
region to another distinct segmented region. In order to 
carry out such a process, the image processing device 
would require a large amount of memory in order to store 
all the separate screens need to process the image at 
the transition region. Not only does the utilization of 
these various screens require large memory space, the 
greater number of screens also slows down the image 
processing operation. This is especially significant when 
rendering images in a color environment utilizing seg- 
mented regions where one screen can easily exceed 
2,000 elements. 

To avoid this scenario, the present invention applies 
certain modulation levels and utilizes the same screen 
in areas where one segmented region is transitioning to 
another segmented region. For example, during the 



transition from a region labeled as text into a region des- 
ignated as halftone, a screen having a 0% modulation 
is applied in the text region. Thereafter, prior to encoun- 
tering the halftone region but within a text/contone bor- 

5 der, the present invention slowly increases the modula- 
tion level in 20% increments until the modulation level 
reaches 100% in the halftone region. 

As mentioned above, the amount of modulation for 
screening needs to be controlled for both the elimination 

io of border and subpixel artifacts and to reduce memory 
space and increase throughput speeds. Although the 
screen amplitude can also be adjusted by the dampen- 
ing factor. Dmp vi , this video dependent dampening fac- 
tor is utilized to eliminate the border and background 

15 subpixel artifacts which may be present when applying 
100% modulation. Thus, as noted above, the screen 
amplitude must further be adjusted to take into account 
the transition areas between segmented regions. This 
further modification can be realized by adding another 

20 component which also adjusts the hybrid amplitude 
modulation. The resulting hybrid transformation is the 
equation V = (255 - Vj) + (S s - 1 28)*Dmp vi *Mod eff where 
Mod eff is the modulation multiplication factor based up- 
on effect pointers. The modulation multiplication factor 

2S has a value within the range 0.0 to 1 .0. 

By utilizing this hybrid processing transformation, 
the present invention can effectively modulate the 
screening process without switching separate screens. 
More specifically, the same screen is utilized throughout 

30 the transition period, but the modulation multiplication 
factor is changed in order to realize the proper modula- 
tion. In the preferred embodiment of the present inven- 
tion, the modulation multiplication factor enables the 
present invention to use up to seventeen different mod- 

35 ulation multiplication factors ranging from 0.0 to 1.0 in 
0.0625 increments. The result of one such modulation 
process is illustrated in Figure 41 . 

As illustrated in Figure 41, the hybrid video trans- 
formation realizes the entire dynamic range of the 

40 screening process as represented by the line from 382 
to 128 and the line from 128 to -128. In this illustrated 
example, the dampening profile is that illustrated in Fig- 
ure 39 with the screen illustrated in Figure 40 and a mod- 
ulation lactor, Mod eff of 0.80. 

45 Figure 42 illustrates a block diagram of one embod- 
iment of hardware implementing the hybrid video trans- 
formation process of the present invention. As illustrated 
in Figure 42, the video signal is fed into an image clas- 
sifying circuit 401 which may be any conventional image 

50 segmentation or auto segmentation circuit. The image 
classifying circuit 401 produces effect pointer which de- 
scribes the classification of the pixel associated with the 
video signal. The effect pointer contains information that 
instructs the downstream image processing modules as 

55 to how to process the video data. 

The effect pointer information produced by image 
classifying circuit 401 is fed into a screen modulation 
coefficient circuit 402 and a screen circuit 403. The 
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screen circuit 403 determines the exact screen to be ap- 
plied to the image based upon the effect pointer. The 
screen may be a particular screen for producing a con- 
tone image or maybe a constant screen for rendering 
text or line art image. The exact screen value that is se- 5 
lected from the screen is based on the position of the 
video (pixel) within the video stream. The output from 
screen circuit 403 (Sj - 128) is fed into multiplier 406. In 
parallel to this process, the screen modulation coeffi- 
cient circuit 402 determines the modulation multiplica- io 
tion factor M eff based upon the effect pointer value. 

In parallel to this process, a video dampening coef- 
ficient circuit 408 is generating the dampening value D e _ 
ff . The generation of this value is dependent upon the 
value of the video signal. In the preferred embodiment, is 
this circuit is a lookup table having the profile illustrated 
in Figure 39 stored therein. 

The screen value from the screen circuit 403, the 
modulation multiplication factor M eff from the screen 
modulation coefficient circuit 402, and the dampening 20 
value D eff from video dampening coefficient circuit 408 
are fed into multiplier 406 to produce the modified 
screened signal (Sj + Th)*D eff *M eff which is then fed into 
adder 407. The video signal is also fed into a video in- 
version circuit 404 and the output therefrom is fed to 25 
adder 407 to produce the modified screened video sig- 
nal V s ' = (255 - Vi) + (Sj + Th)*D eff *M eff . The modified 
screen signal is fed to a high addressable error diffusion 
circuit 405 for further processing. 

By utilizing the above described hybrid method, the 30 
present invention is capable of maintaining a high 
number of grey levels available for printing by the print- 
ing system while also utilizingthe full-dynamic range of 
the hybrid image processing operations. Thus, the 
present invention reduces the contouring artifacts typi- 35 
cally observed with screens of limited grey level and is 
able to realize such a feature without affecting the typical 
image processing architecture of a printing system. 

In describing the present invention, the terms pixel 
and subpixel have been utilized. These terms may refer 40 
to an electrical (or optical, if fiber optics are used) signal 
which represent the physically measurable optical prop- 
erties at a physically definable area on a receiving me- 
dium. The receiving medium can be any tangible docu- 
ment, photoreceptor, or marking material transfer medi- 4S 
um. Moreover, the terms pixel and subpixel may refer to 
an electrical (or optical, if fiber optics are used) signal 
which represent the physically measurable optical prop- 
erties at a physically definable area on a display medi- 
um. A plurality of the physically definable areas for both so 
situations represent the physically measurable optical 
properties of the entire physical image to be rendered 
by either a material marking device, electrical or mag- 
netic marking device, or optical display device. 

Lastly, the term pixel may refer to an electrical (or ss 
optical, if fiber optics are used) signal which represents 
physical optical property data generated from a single 
photosensor cell when scanning a physical image so as 



to convert the physical optical properties of the physical 
image to an electronic or electrical representation. In 
other words, in this situation, a pixel is an electrical (or 
optical) representation of the physical optical properties 
of a physical image measured at a physically definable 
area on an optical sensor. 

Although the present invention has been described 
in detail above, various modifications can be implement- 
ed without departing from the spirit of the present inven- 
tion. For example, the preferred embodiment of the 
present invention has been described with respect to a 
printing system: however, this screening/error diffusion 
method is readily implemented in a display system. 
Moreover, the screening and high addressability error 
diffusion method of the present invention can be readily 
implemented on an ASIC, programmable gate array, or 
in software, thereby enabling the placement of this proc- 
ess in a scanner, electronic subsystem, printer, or dis- 
play device. 

Moreover, various examples of the present inven- 
tion has been described with respect to a video range 
of 0 to 255. However, it is contemplated by the present 
invention that the video range can be any suitable range 
to describe the grey level of the pixel being processed. 
Furthermore, the present invention is readily applicable 
to any rendering system, not necessarily a binary output 
device. It is contemplated that the concepts of the 
present invention are readily applicable to a four-level 
output terminal or higher. 

The present invention has been described with re- 
spect to a monochrome or black/white environment, t 
However, the concepts of the present invention are 
readily applicable to a color environment. Namely, 
screening and high addressability error diffusion proc- 
ess of the present invention can be applied to each color- 
space value representing the color pixel. 

In recapitulation, the present invention provides a 
combined screening and error diffusion method or mod- 
ule which enables an image processing system to con- 
vert an electronic document of one format to that of an- 
other format. 



Claims 

1 . A method of reducing a number of levels in a multi- 
level grey scale pixel value representing a pixel and 
diffusing an error generated from reducing the 
number of levels, the method comprising the steps 

of: 

(a) receiving the multi-level grey scale pixel val- 
ue of a first resolution; 

(b) screening the multi-level grey scale pixel 
value generating a screened multi-level grey 
scale pixel value equal to (G L - V j) + (Sj - Th) 
wherein G L is the maximum grey level value of 
the pixel, Vj is equal to the multi-level grey scale 



13 



25 



EP 0 810 770 A2 



26 



7. A system for reducing a number of levels in a mufti- 
level grey scale pixel value representing a pixel and 
diffusing an error generated from reducing the 
number of levels in accordance with the method as 

£ claimed in any one of the preceding claims, the sys- 
tem comprising: 

input means for receiving the multi-level grey 
scale pixel value; 

10 screening means for generating a screened 

multi-level grey scale pixel value equal to (G L - 
Vj) + (Sj - Th) wherein G L is the maximum grey 
level value of the pixel, V { is equal to the multi- 
level grey scale pixel value of the first resolu- 

15 tion, Sj is equal to a screen value corresponding 

to a position of the pixel, and Th is the threshold 
value; 

means for reducing the number of levels in the 
screened multi-level grey scale pixel value; 
20 error means for generating an error value as a 

result of the reduction by said means; and 
error diffusing means for diffusing the error val- 
ue to multi -level grey scale pixel values of ad- 
jacent pixels. 

25 

8. The system as claimed in claim 7, further compris- 
ing: high addressability means for converting the 
screened multi-level grey scale pixel value to a sec- 
ond resolution, the second resolution being higher 

30 than the first resolution; said error means generat- 
ing an error value having a resolution correspond- 
ing to the first resolution. 



pixel value of the first resolution, Sj is equal to 
a screen value corresponding to a position of 
the pixel, and Th is the threshold value; 

(c) reducing the number of levels in the 
screened multi-level grey scale pixel value; 

(d) generating an error value as a result of the 
reduction process in said step (c); and 

(e) diffusing the error value to multi-level grey 
scale pixel values of adjacent pixels. 

2. The method as claimed in claim 1 , further compris- 
ing the step of: 

(f) converting the screened multi-level grey 
scale pixel value to a second resolution prior to the 
execution of said step (c), the second resolution be- 
ing higher than the first resolution; 

said step (d) generating an error value having 
a resolution corresponding to the first resolution. 

3. The method as claimed in claim 2, wherein said step 
(f) comprises the substeps of: 

(f 1 ) computing a first multi-level grey scale pixel 
value; and 

(f2) computing a second multi-level grey scale 
pixel value. 

4. The method as claimed in claim 3, wherein said step 
(f) comprises the substep of: 

(f3) computing a plurality of multi-level grey 
scale subpixel values B n , the multi-level grey scale 
subpixel values B n being equal to P0 + n(P1 - P0)/ 
N, wherein n is equal to 0 to N-1 , P0 is equal to the 
first multi-level grey scale pixel value, P1 is equal 
to the second multi-level grey scale pixel value, and 
N is equal to a high addressability characteristic. 

5. The method as claimed in claim 3 or 4, wherein said 
step (d) comprises the substeps of: 

(d1) calculating a desired output, the desired 
output being equal to a sum of the first and sec- 
ond multi-level grey scale pixel values divided 
by two; 

(d2) calculating an actual output, the actual out- 
put being equal to a lowest screen value of a 
line screen plus a number of subpixels being 
equal to or greater than a threshold value mul- 
tiplied by a difference between a maximum 
screen value of the line screen and the lowest 
screen value of the line screen divided by a high 
addressability characteristic; and 
(d3) calculating the error value to be equal to 
the desired output minus the actual output. 

6. The method as claimed in any one of claims 1 to 5, 
wherein said step (b) uses a dot screen to generate 
the screened multi-level grey scale pixel value. 



9. The system as claimed in claim 8, wherein said high 
addressability means computes a first and second 
multi-level grey scale pixel value. 

1 0. The system as claimed in claim 9, wherein said h igh 
addressability means further computes a plurality 
of multi-level grey scale subpixel values B n , the mul- 
ti-level grey scale subpixel values B n being equal to 
P0 + n(P1 - POyN, wherein N is equal to 0 to N - 1 , 
P0 is equal to the first multi-level grey scale pixel 
value, P1 is equal to the second multi-level grey 
scale pixel value, and N is equal to a high address- 
ability characteristic. 

11. The system as claimed in claim 9 or 10, wherein 
said error means comprises: 

first means for calculating a desired output, the 
desired output being equal to a sum of the first 
and second multi-level grey scale pixel values 
divided by two; 

second means for calculating an actual output, 
the actual output being equal to a lowest screen 
value of a line screen plus a number of subpix- 
els being equal to or greater than a threshold 
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value multiplied by a difference between a max- 
imum screen value of the line screen and the 
lowest screen value of the line screen divided 
by a high addressability characteristic; and 
third means for calculating the error value to be s 
equal to the desired output minus the actual 
output. 
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(54) A method and system for processing image information 



(57) Described herein is a printing system for ren- 
dering marks on a recording medium receives a multi- 
level grey scale pixel value representing a pixel having 
a first resolution. A processing circuit (401, 402, 403, 
404, 406, 407) generates a screened multi-level grey 
scale pixel value equal to (G L - V } ) + (Sj - Th)*Dmp v *Mo- 
d Eff wherein G L is the maximum grey level value of the 
pixel, Vj is equal to the multi-level grey scale pixel value 
of the first resolution, Sj is equal to a screen value cor- 
responding to a position of the pixel, Th is the threshold 
value, Dmpy, is a video dependent dampening factor, 



and Mod Eff is a modulation multiplication factor, where 
G L = 255 and Th = 128. An interpolator converts the 
screened multi-level grey scale pixel value to a second 
resolution which is higher than the first resolution, and 
a binarization circuit binarizes the converted multi-level . 
grey scale pixel value so as to output a binary signal and . 
an error value, the error value having a resolution equal 
to the first resolution. The error value is diffused to multi- 
level grey scale pixel values corresponding to pixels ad- 
jacent to the pixel having the first resolution, and the bi- 
nary signal is converted into a mark on the recording 
medium. 
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